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For computational studies of materials in a realistic manner, appropriate treat-
ment of the Coulombic interaction is critical. Since the potential function is
long-range and has both positive and negative signatures, it is not simple to
handle the interaction in an effective manner, i.e., with high accuracy, low com-
putational cost, freedom from artifacts, and ease of implementation. We intro-
duce a novel idea, zero-dipole summation, for evaluating the electrostatic
energy of classical particle system. The summation prevents the nonzero-
charge and nonzero-dipole states artificially generated by simple cutoff trunca-
tion, which causes energetic noise and several artifacts. The currently derived
energy formula nevertheless takes a simple pairwise form, which utilizes the
cutoff procedure but employs a pairwise function changed from the pure Cou-
lomb formula into a new formula taking account of the neutrality of charges
and dipoles in the cutoff sphere (Fukuda et al. (2011) J. Chem. Phys. 134,
164107). This simple pairwise form enables us to effectively apply the scheme
to high-performance computation. We discuss the theoretical details of our
method and investigate the accuracy, stability, and static and dielectric proper-
ties of molecular systems via molecular dynamics simulation. We obtained the
electrostatic energy error to be 0.01% at practical cutoff distance for an ionic
system and a water system. We estimated the radial distribution function and
the distant dependent Kirkwood factor for the water system, and confirmed
the agreement with those by the Ewald method. Since the Kirkwood factor is
very sensitive to the treatment of the electrostatic interaction, the agreement
suggests that our method should be distinguishable from many other cutoff-
like methods, which often cause the significant disagreement. Accurate electro-
static energies were also calculated with our method for a membrane protein
with explicit ions and membrane and water molecules.
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Molecular electric fields and potentials govern the chemical and physical be-
havior of molecules. In many biological systems, processes involving charge
separation and transport such as enzymatic activity [1, 2], photosynthesis [3]
and the electrostatic steering of ligands towards active sites, have been attrib-
uted to these fields. Gaining a detailed, quantitative description of the effects
molecular electric fields play, will provide for a more precise mechanistic un-
derstanding of such chemical phenomena. Until now, obtaining information
concerning these fields and potentials from experiments has been a problematic
task. It is the principle objective of this investigation to quantitatively deter-
mine and describe the molecular electric fields at the oxygen binding site in
the heme proteins myoglobin and hemoglobin. By utilizing single molecule
and hole-burning spectroscopies, Stark effect measurements will be employed;
to study the impact internal electric field distributions play. To this end, we
have developed and constructed a cryogenic temperature version of a confocal
laser scanning microscope; to be used for Stark spectroscopy investigations on
these heme proteins using high resolution techniques such as single molecule or
hole burning spectroscopy. At this stage, room and low temperature imaging
and calibration of the microscope have been performed using 1mm fluorescent
beads and AFM grids. The next step entails imaging single molecules of Pro-
toporphyrin IX and Stark investigations of various metal substituted porphyrins
in glasses. The primary focus of work thus far has been on assembly and design
of the microscope and on sample preparation for use in molecular electric field
examinations.
1) E.D. Getzoff, et.al, Nature 358, (1992) 347.
2) J. P. Hosler, et.al,Biochemistry 35, (1996) 10776.
3) A. P. de Silva, et.al.,Chem. Commun., (1999) 163.
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Electroporation is the formation of permeabilizing structures in the cell mem-
brane under the influence of an externally imposed electric field. The resultingincreased permeability of the membrane enables a wide range of biological ap-
plications, particularly as a way to deliver normally excluded substances into
cells. While electroporation is used extensively in biology, biotechnology,
and medicine, its molecular mechanism is not well understood, which limits
the ability to control and fine-tune the process. Using molecular dynamics sim-
ulations we demonstrate that the initial trigger of the pore formation is the re-
organization of the water dipoles at the water-lipid interface into narrow
protrusions of water molecules whose dipole moments are aligned with the ex-
ternal electric field. Such alignment is not possible in the bulk phase due to the
unfavorable energetics of adjacent parallel dipole moments. Contrary to some
previous studies which focused on lipid behavior, our model indicates that in-
terfacial water molecules are the main players in the process, its initiators and
drivers. The role of the lipid bilayer is then reduced to that of a relatively pas-
sive ‘‘sticky’’ barrier. We present simulations that show that a process similar
to electroporation happens even in the absence of the lipid bilayer, with water at
a vacuum interface. This new model of electroporation indicates that this pro-
cess can be modeled as a simpler solvent-only system and opens up new oppor-
tunities in both theoretical studies of the process as well as development of new
technologies to better control it or to use it in new innovative ways.
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Experimental studies have shown that cell membranes can be permeabilized by
exposure to nanosecond and subnanosecond electric pulses with megavolt-per-
meter amplitudes [1,2]. For pulses in the low nanosecond and subnanosecond
range, the rise time of the actual waveform delivered to a biological load is
a significant percentage of the entire pulse duration, but experimental and mod-
eling studies of the effects of varying the rise time are rare. Molecular dynamics
(MD) simulations have contributed to our understanding of lipid bilayer elec-
tropermeabilization, and we show here that when time-varying external fields
are introduced into MD, it becomes possible to modulate pore properties dy-
namically by sampling a large range of frequencies, fields, pulse shapes, and
polarities with various charged and uncharged bilayer systems. This capability
also enables the refinement of models of nanosecond pore formation by loosen-
ing the constraints of models with constant and idealized external perturbations.
Results are compared to and, to the extent possible at this time, reconciled with
existing mathematical models of electroporation, presenting a more unified and
complete framework for future studies.
1. Vernier, P. T., Y. Sun, and M. A. Gundersen. 2006. Nanoelectropulse-driven
membrane perturbation and small molecule permeabilization. BMC Cell Biol.
7:37.
2. S. Xiao, S. Guo, V. Nesin, R. Heller, and K. H. Schoenbach. 2011. Subnano-
second electric pulses cause membrane permeabilization and cell death. IEEE
Trans. Biomed. Eng. 58:1239-1245.
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Upon exposure to biological fluids such as blood plasma, nanoparticles (NPs)
adsorb proteins and other biomolecules from the fluid. The formation of the
so-called ’protein corona’ is a dynamic process: The composition of the corona
depends on the respective concentrations of the proteins in the fluid and on their
affinities to the NP. Understanding the structural and dynamic properties of the
corona at the molecular level is a prerequisite to the safe use of NPs in industrial
or medical applications.
By using dual-focus fluorescence correlation spectroscopy (2fFCS), we have
studied the adsorption of human blood serum proteins onto polymer-coated,
fluorescently labeled FePt NPs (~12 nm diameter) carrying negatively charged
carboxyl groups on their surfaces. For all proteins, a step-wise increase in hy-
drodynamic radius with protein concentration was observed, strongly suggest-
ing the formation of protein monolayers. Indeed, the absolute increase in
hydrodynamic radius can be correlated with the molecular dimensions of the
proteins. The apparent dissociation coefficients measuring the affinity of the
proteins to the nanoparticles differed by about four orders of magnitude. These
variations can be explained in terms of the electrostatic properties of the protein
surfaces.
